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ABSTRACT
Degeneracy effects for bosons are more important for smaller particle mass,
smaller temperature and higher number density. Bose condensation requires
that particles be in the same lowest energy quantum state. We propose a cosmic
background Bose condensation, present everywhere, whith its particles having
the lowest quantum energy state, ~c/λ, with λ about the size of the visible
universe, and therefore unlocalized. This we identify with the quantum of the
self gravitational potential energy of any particle, and with the bit of information
of minimum energy. The entropy of the universe (∼ 10122 bits) has the highest
number density (∼ 1036 bits/cm3) of particles inside the visible universe, the
smallest mass, ∼ 10−66g, and the smallest temperature, ∼ 10−29K. Therefore it
is the best candidate for a Cosmic Background Bose Condensation (CBBC), a
completely calmed fluid, with no viscosity, in a superfluidity state, and possibly
responsible for the expansion of the universe.
Subject headings: Bose condensation; entropy; cosmology; gravitation; Universe;
Hawking temperature; Unruh temperature; quantum of mass.
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1. Introduction
Weinberg (1972) advanced a clue to suggest that large numbers are determined by
both, microphysics and the influence of the whole universe. He constructed a mass using
the physical constants G, ~, c and the Hubble parameter H . This mass was not too different
from the mass of a typical elementary particle (like a pion) and is given by
m ≈ (~2H/Gc)1/3 (1)
In our work here we consider a general elementary particle of mass m. This particle
may include not only baryons but the possible quantum masses of dark matter and dark
energy in the universe. Since the mass m will disappear from the resultant relation, the
conclusion is totally independent on the kind of elementary particle that we may consider.
The self gravitational potential energy Eg of this quantum of mass m (and size its Compton
wavelength ~/mc) is given by
Eg = Gm
2/(~/mc) = Gm3c/~ (2)
This relation has been previously used in another context (Sivaram 1982). Combining
(1) and (2) we eliminate the mass m to obtain
Eg ≈ H~ (3)
Here ~ is Planck’s constant, usually interpreted as the smallest quantum of action
(angular momentum). Since H is of the order of 1/t, t the age of the universe (t being
a maximum time today), (3) is the lowest quantum energy state that it may exist. It is
equivalent to ~c/λ with λ of the order of the size of the visible universe (it is the lowest
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quantum energy state with λ ≈ ct). We identify it with the quantum of the self gravitational
potential energy of any quantum particle (Alfonso-Faus 2010a). We also identify it with
the bit, the unit of information with minimum energy (Alfonso-Faus 2011). Lloyd (2002),
about 10 years ago, stated that Merely by existing, all physical systems register information
and about 25 years ago Landauer (1988), as cited by Lloyd (2002), stated Information
is physical. And today we say here: All physical systems of mass M (energy Mc2) are
equivalent to an amount of information in number of bits of the order of
Number of bits ≈ Mc2/Eg ≈ Mc
2/(H~) (4)
The equivalence between information and energy, as implied by the above relation, can
be interpreted as the result of a recent experiment (Funo, Watanabe & Ueda 2012) where
it is shown that entanglement can produce a gain in thermodynamic work, the gain being
determined by a change of information content. Also a link between information theory and
thermodynamics has been experimentally verified (Be´rut et al. 2012). Previously, in 2010,
an experimental demonstration of information-to-energy conversion was also published
(Toyabe et al. 2010). Relation (4) has general, universal validity. In this sense the unit of
energy, that should naturally be taken as the minimum quantum of energy H~, implies that
the relativistic energy of any mass M has N times this minimum quantum of energy, NH~,
being N its number of information bits. Therefore, NH~ corresponds to the energy of all
the information N that carries the physical system. And as far as entropy S is concerned,
this number is also the same as S/(kB log 2), kB being Boltzmann constant, as we can
talk about a generalized relation for entropy, in accordance with the ideas introduced by
Landauer (1961):
S = NkB log 2 =
Mc2
H~
kB log 2 (5)
We see that the extensive property of entropy is preserved because, in accordance with
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our proposal, it comes to be proportional to the relativistic energy of the system. In this
work we propose a Cosmic Background Bose condensation (CBBC), present everywhere,
where the particle with minimum energy Eg and mass mg = Eg/c
2 is defined in (3). It is
composed of very low energy and temperature components, with very high number density,
and of course all in the same state.
Bekenstein (1981) found an upper bound for the ratio of the entropy SB to the energy
E =Mc2 of any bounded system with effective size R:
SB/E < 2pikBR/~c (6)
About ten years later (’t Hooft 1993; Susskind 1995), a holographic principle was
proposed giving a bound for the entropy Sh of a bounded system of effective size R as
Sh ≤ pikBc
3R2/~G (7)
The Bekenstein bound (6) is proportional to the product MR, while the holographic
principle bound (7) is proportional to the area R2. If the two bounds are identical (hence
M is proportional to R) here we prove that the system obeys the Schwarzschild condition
for a black hole. We analyze this conclusion for the case of a universe with finite mass M
and a Hubble size R ≈ ct, t being the age of the universe. M and R are obviously the
maximum values they can have in our universe, the visible universe.
Also, for the case of a black hole we find that the Hawking and Unruh temperatures
are the same. Then, for our universe we obtain the mass of the gravity quanta, of the order
of 10−66g.
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2. Consequences of the identification of the two bounds
Identifying the bounds (6) and (7) we get
2M = c2R/G (8)
which is the condition for the system (M,R) to be a black hole. Then, its entropy is given
by the Hawking relation (Hawking 1974)
SH =
4pikB
~c
GM2 (9)
that coincides with the two bounds (6) and (7). The conclusions here are exclusively related
to the Schwarzschild radius within the context of Einstein’s general relativity.
The mass of the universe Mu is a maximum. And so is its size R. A bounded system
implies a finite value for both. Using present values for Mu ≈ 10
56g and R ≈ 1028cm they
fulfill the Schwarzschild condition (8). This is an evidence for the Universe to be a black
hole (Alfonso-Faus 2010b). And its entropy today is about 10122kB log 2.
3. The case for the Unruh and Hawking temperatures
The fact that a black hole has a temperature, and therefore an entropy (Hawking 1974)
implies that an observer at its surface, or event horizon, sees a perfect blackbody radiation,
a thermal radiation with temperature TH given by
TH = ~c
3/(8piGMk) (10)
where ~ is the Planck’s constant, c the speed of light, G the gravitational constant, k
Boltzmann constant and M the mass of the black hole. This observer feels a surface
gravitational acceleration R′′. According to the Unruh (1976) effect an accelerated observer
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also sees a thermal radiation at a temperature TU , proportional to the acceleration R
′′ and
given by
TU = ~R
′′/(2pick) (11)
Based upon the similarity between the mechanical and thermo dynamical properties of
both effects, (10) and (11), we identify both temperatures and find the relation:
R′′ = c4/(4GM) (12)
Identifying the Unruh acceleration to the surface gravitational acceleration:
R′′ = GM/R2 (13)
and substituting in (12) we finally get
2GM/c2 = R (14)
This is the condition for a black hole. Since the Hawking temperature refers to a black
hole this result confirms the validity of the identification of the two temperatures, (10) and
(11), as well as the interpretation of the Unruh acceleration in (13).
4. Application of the cosmological principle
The cosmological principle may be stated with the two special conditions of the
universe: it is homogeneous and isotropic. This means that, on the average, all places in the
universe are equivalent (at the same time) and that observing the universe at one location
it looks the same in any direction. The cosmic microwave background radiation is a good
example, a blackbody radiation at about 2.7K. This implies that there is no center of the
universe, or equivalently, that any local place is a center.
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We have seen that the universe may be taken as a black hole, and therefore that it
makes sense to think that there must be an event horizon, a two dimensional bounding
surface around each observer. If all places in the universe are equivalent then all places
can say this, and the natural event horizon is the Hubble sphere, with radius R about
c/H ≈ 1028cm today. Then at any point in the universe it can be interpreted as a two
dimensional spherical surface, may be in a virtual sense. Following the holographic principle,
all the information of the three dimensional world, as we see it, is contained in this spherical
surface. And any observer, following the cosmological principle, can be seen as being at the
center of the three dimensional sphere. To combine both principles, the cosmological and
the holographic, we can think of an isotropic, spherically symmetric, acceleration present at
each point in the universe given by (13). This is a change of view from a 3 dimensional one
to a 2 dimensional world. Also we have an isotropic temperature given by
T = ~c3/(8piGMk) = (1/4pik)1/R ≈ 10−29K (15)
This is the temperature of the gravitational quanta (Alfonso-Faus 2011) at the present
time. The equivalent mass of one quantum of gravitational potential energy is then from
(15) found to be about 10−66g. This may be interpreted as the ultimate quantum of mass.
Its wavelength (in the Compton sense) is of the order of the size of the universe, ct ≈ 1028cm
and therefore it is a gravity quanta unlocalized in the universe, as the gravitational field
(Misner, Thorne & Wheeler 1973). It is a boson and not a photon, the photon being the
quantum of the electromagnetic field that should be localized in the universe.
The scale factor between the Planck scale and our universe today is about 1061.
Multiplying the temperature found in (15) by this numerical scale factor we get the Planck’s
temperature Tp ≈ 10
32K at the Planck’s time 10−44s, when the universe had the Planck’s
size lp ≈ 10
−33cm.
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5. Cosmic Background Bose Condensation (CBBC)
We now present the conditions favorable to have a Bose condensation as derived from
the energy (Eisberg & Resnick 1985) per particle relation E/N :
E/N =
3
2
kT
{
1−
1
25/2
Nh3
V (2pimkBT )3/2
}
(16)
The term beyond 1 in the above bracket is the deviation of the Bose gas from the
classical gas, the degeneracy effect. As we can see in the formulation (16) this effect for
bosons is more important the smaller the particle mass is ( ∼ 10−66g in our case), the
smaller the temperature is ( ∼ 10−29K in our case) and the higher the number density is
(∼ 1036 particles/cm3 ). Then, the particle we are presenting here appears to be a good
candidate for a universal Bose condensation background.
6. The CBBC and the expansion of the universe
As we have seen in (3) the gravity quanta proposed here does not depend on the
related origin: baryons, dark matter or dark energy. Usually the expansion of the universe
is considered to be related to the cosmological constant Λ. This constant was introduced by
Einstein to avoid the collapse of the universe due to attractive gravitation by means of an
outward pressure given by Λ. Within this context we know today that the percentages of
baryonic content in the universe, dark matter and dark energy, are respectively about 4%,
27% and 69%. This is given in terms of the usual dimensionless Ω:
Ωb ≈ 0.04, ΩDM ≈ 0.27, ΩΛ ≈ 0.69 (17)
all of them adding up to 1. Given that our approach here does not discriminate between
baryons, dark matter and dark energy, we may attribute the CBBC expansion effect as due
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to its pressure as related to the baryon component and possibly dark matter quanta or even
dark energy quanta. We do not know today if there are quanta in the dark components. The
maximum effect would correspond to consider that the total, critical density, is responsible
for the gravity quanta presented here as the ground component of the CBBC, and then its
effect would correspond to ΩCBBC = 1.
7. Conclusions
The universe can be seen as a black hole. From each observer in it we can interpret
that he/she is at the center of a sphere, with the Hubble radius. From this we interpret the
spherical surface as the event horizon, a two dimensional surface that follows the physics of
the holographic principle.
The isotropic acceleration present at each point in the universe, and given by (13),
implies that there is no distortion for the spherically distributed acceleration, as imposed
by the cosmological principle. However, the presence of a nearby important mass, like
the sun, will distort this spherically symmetric picture. With respect to the probes
Pioneer 10/11, that detected an anomalous extra acceleration towards the sun of value
(8.74 ± 1.33)× 10−8cm/s2 (Anderson et al. 1998), we can see that this value is only a bit
higher than the one predicted by (13), which is about 7.7× 10−8cm/s2. This difference is an
effect that can be explained by the presence of the sun converting the isotropic acceleration
to an anisotropic one.
Similarly there may be a factor, due to the influence of nearby masses (i.e. a massive
black hole at the center of the galaxy), in the cases of the observed rotation curves in spiral
galaxies. They imply that the speed of stars, instead of decreasing with the distance r from
the galactic center, is constant or even increases slowly when far from the central luminous
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object (Drees & Chung-Lin 2007). For the case of globular clusters (Scarpa & Falomo
2010), where no dark matter is expected to be present, we have stronger evidence in support
of the existence of the acceleration field. Also the escape velocity at the sun location, with
respect to our galaxy, is higher than expected. The earth-moon distance increases with
time and there is a residual part not explained by tidal effects. And the same occurs for
the planets in the solar system. We present this evidence in support of the universal field of
acceleration, R′′ (Alfonso-Faus 2010c).
Finally, for the case of a black hole we find that the Hawking and Unruh temperatures
are the same. For our universe we obtain the mass of the gravity quanta, of the order
of 10−66g, with a wavelength that corresponds to its size. It may be identified with the
information bit, with entropy k. A Cosmic Background Bose Condensation fits well with
the properties found here for the quantum of gravitational potential energy.
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